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The rainfall in India is variable in intensity, duration and distribution. 
High-intensity storms often result in large amounts of rainfall excess 
(runoff), particularly in soils such as the Vertisols where infiltration rates 
are low. Runoff causes large amounts of soil erosion annually, resulting 
in the degradation of the crop production potential of the soil resource. 
Proper management of the Vertisols results in many benefits. A 
system of graded broadbeds and furrows has been developed at ICRISAT 
which improves surface drainage in the monsoon season (facilitating 
rainy season cropping), allows runoff to occur at non-erosive velocities 
and permits it to be collected in storage facilities. The broadbed-and-
furrow system also facilitates reapplying the water to the crops during 
stress periods. 
Substantial benefits were observed from the use of collected runoff 
during the post-rainy season, and sometimes in the monsoon season as 
well. On watersheds where collected runoff was applied as supplemental 
irrigation, increased levels of rainfall productivity were computed. It is 
therefore of utmost value to further explore the applicability of runoff 
collection and recycling to larger areas in the country. 
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Introduction 
I t has been es t imated t h a t in India , a b o u t 4 0 % of the annua l rainfall results as 
surface runoff a n d flows in to r ivers. Th i s rainfall excess is quite substant ial 
consider ing the fact t h a t m o s t pa r t s of I nd i a are classified as semi-arid." I t is very 
likely t h a t d u e to const ra in ts imposed by topography , climatic and soil condit ions 
as well as by flow characteris t ics , some surface runoff is inevitably lost, but . there-
are often s i tuat ions when runoff could be. collected and used economically as 
supplemental i rr igat ion for c r o p p roduc t ion , a n d a t the same t ime reducing the 
damage tha t i s c o m m o n l y experienced f rom f lash f loods . 
Since a b o u t 7 5 % of the cult ivated land in Ind i a i s rainfed, contr ibut ing 4 2 % 
of the na t ion ' s t o t a l food p roduc t ion , t h e poten t ia l for runoff collection and reuse 
appea r s very high in these a r e a s . T h e Vert isols in I nd i a cover a b o u t 60 million ha . 
of which abou t 54 million ha . are in the rainfed a rea (Singh 1974). I t is , therefore, 
of great interest to s tudy the feasibility of runoff generation;, collection a n d 
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recycl ing on these soils and the potent ial impac t of this technology on increasing 
c r o p p roduc t ion a n d stabilizing i t over t ime . 
Vertisols 
T h e Vertisols are f ine calcareous , montmori l loni t ic clays which undergo pronounced 
shr inkage dur ing drying, resul t ing in large cracks tha t close only after prolonged 
wetting. These soils become ha rd when dry and sticky when wet. Dra inage can be 
a serious problem dur ing wet per iods in the rainy season. T h e soils are high in 
bases, including calcium, magnes ium and potass ium, a n d the pH ranges from 7.5 to 
8.6. U n d e r semi-arid t ropical condi t ions , the soils are low in organic mat ter and are 
usual ly deficient in ni t rogen, p h o s p h o r u s and somet imes z inc . 
T h e Vertisol a reas in Ind ia can be subdivided according to dep th as : 
Deep Vertisols > 90 cm 
M e d i u m deep 
Vertisols 45—90 cm 
M e d i u m Vertisols 22.5—45 cm 
Shallow 
Vertisols < 22.5 
A m a p of the Vertisol regions is s h o w n in figure 1. 
T h e sa tura ted hydraul ic conductivi ty of the Vertisols is very low. T h e initial 
and te rmina l infiltration rates of a deep Vertisols as measured at the I C R I S A T 
Center were : 
Time from start Infiltration rate 
(hr) (mm/h r ) 
0-0.5 76 
0.5-1.0 34 
1.0-2.0 4 
After 144 0.2 
D u e to the Vert isols ' p roper ty of shr inking a n d swelling, large deep cracks a re 
f o r m e d in the dry season a n d exist as such unt i l sufficient wett ing occurs in the 
m o n s o o n season. In the early p a r t of the rainy season, therefore ' a large pa r t of the 
incident rainfall c an d isappear into the cracks i f they a re al lowed to remain 
exposed at the soil surface. T h e low infiltration ra tes of the Vertisols unde r moist" 
condi t ions and -the result ing runoff a n d eros ion indicate t h e need for laud 
m a n a g e m e n t techniques which allow greater oppor tun i ty t ime for infi l t rat ion while 
controll ing the r emova l of excess water . Such systems have been developed a t 
I C R I S A T and will be discussed in a l a t e r section of this paper . 
Rainfall Characteristics 
T h e annua l rainfall is highly var iable in m o s t par t s of I nd i a a n d is concentrated in 
f o u r to f ive m o n t h s o f the year. T h e long term weather da t a for Hyderabad for 
i n s t ance indicate t h a t on average 8 6 % of the annua l rainfall i s received between 
the mon ths of June a n d O c t o b e r . Variabil i ty is evident even f rom the past seven 
year d a t a at I C R I S A T ; whi le only 340 mm was- received in 1972, 1077 mm was 
received in 1 9 7 8 . The rainfall normal ly occurs in the form of several s torms of high 
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Figure 1 A map of the Vertisol regions in India 
intensity a n d sometimes of long dura t ion . H u d s o n (1971) concluded t h a t 4 0 % of 
the rainfall in t h e t ropics occur at intensities of at least 25 m m / h r , a f igure 
approach ing t h e threshold value a t which rainfall becomes erosive. T h e h ighes t 
rainfall intensity measured a t I C R I S A T was 88 m m / h r on September 24 , 1975; in 
four out of the pas t six years rainfall intensities in excess of 60 m m / h r have been 
recorded. 
'The h igh rainfall intensities coupled wi th low infiltration rates when the so i l 
is moist , resul t in large amoun t s of surface runoff and associated erosion on 
Vertisols. T h e variabili ty and undependabi l i ty of rainfal l results in n o t growing a 
monsoon c rop in low ra infa l l a reas . In h igh rainfall regions, the p o o r d ra inage 
characterist ics of the Vertisols cause difficulty in working the soil in the ra iny 
season, unde r t radi t ional management . T h e available rainfall h a s to be used in s u c h 
a manner t h a t long te rm stability is assured in c rop product ion . T h e excess rainfall 
if collected and used dur ing stress per iods results in satisfactory mois ture 
availability t h r o u g h o u t crop growth ensur ing o p t i m u m levels of product ion. 
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Rainfall-Runoff Relationships 
T h e a m o u n t of runoff depends on rainfall intensity and dura t ion , topography , soil 
characterist ics and c rop cover. T h e runoff measured on Vertisols a t I C R I S A T h a s 
been generally between 10 and 2 0 % of the seasonal rainfall . Runoff rates of over 
2 0 % occurred only in monsoon fallow si tuat ions. T h e rainfall a n d runoff measured 
on two research watersheds at I C R I S A T since 1973 a re shown in table 1. 
Table 1. Rainfall (RF) and Runoff (RO) on two Vertisol watersheds at ICRISAT 
Year 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1973-1979 
Cropped watershed 
RF 
(aim) 
697 
810 
1042 
687 
586 
1125 
689 
5636 
RO 
(mm) 
51 
116 
162 
73 
2 
273 
73 
750 
RO/RF 
(%) 
7.3 
14.3 
15.5 
10.6 
0.3 
24.3 
10.6 
13.3 
Monsoon fallow watershed 
RF 
(mm) 
735 
807 
1055 
710 
5S6 
1117 
682 
5692. 
RO 
(mm) 
59 
223 
253 
238 
53 
410 
202 
1438 
RO/RF 
(%) 
8.0 
27.6 
24.0 
33.5 
9.0 
36.7 
29 .6 
25.2 
M o o n s o o n fallowing on Vertisols is still a widespread pract ice extending over 
18 mil l ion hectares in India . I t can be generalized t h a t on the long t e rm, 
approximate ly one-fourth of the seasonal rainfall is lost as surface runoff from 
these a reas , whi le in regions c ropped dur ing the m o n s o o n season, approximate ly 
one-sixth of the rainfall results in surface runoff. T h u s , substantial runoff is 
generated dur ing the monsoon reason in the Vertisol regions. In addi t ion to the 
loss of precious ra inwater , the problems of soil erosion d u e to imprope r manage-
m e n t of runoff would further add to the degradat ion in the product ive potential 
of the available c rop land . To help solve these problems, a g raded b r o a d b e d and 
furrow system of land managemen t has been developed a t I C R I S A T . T h e m o d e r a t e 
slopes in t h e furrows of approximate ly 0 .6% allow the runoff to o c c u r a t safe 
velocities. These slopes also permit adequa te oppor tun i ty t ime for infiltration 
part icularly in the early par t of the monsoon . T h e runoff t h a t is generated th rough 
th i s system could be collected in water s torage facilities and conveniently recycled 
to t h e watershed a t the required t ime as supplemental furrow i r r igat ion. 
A paramet r ic water balance simulation model has been developed on the basis; 
of hydrologic da ta collected from three Vertisol watersheds a t I C R I S A T 
( k r i s h n a . 1979). I t has minimal inpu t da t a requirements which include daily r a i n f a l l 
a m o u h t s , s t o rm durat ion or rainfall intensity; pan evapora t ion and soil mois ture . A 
high degree of correlat ion w a s obtained between computed and measured runoff 
volumes in all cases. T h e model also simulated the soil mois ture var ia t ion in the 
profile satisfactorily. 
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Runoff for Supplemental Irrigation 
T h e collection of runoff and its reuse for supplementa l irr igation has been repor ted 
f rom several locations in India . Verma et a l . (1972) during a s tudy conducted on 
deep Vertisols at Bellary found substant ial increases in yield t h rough recycling of 
runoff water ( table 2). 
Table 2 Effect of supplementary irrigation from a farm pond on the yield of sorghum at 
Bellary (Verma et al. 1972) 
Treatment 
No irrigation 
T1 (control) 
1 Irrig. at boot 
. leaf stage (T2) 
1 Irrig. at seed 
setting stage (T3) 
2 Irrig. at T2 and 
T3 stage (T4) 
Depth of water 
applied 
(cm) 
0 
11.73 
12.62 
19.37 
Yield 
Grain 
527.8 
1361.1 
1722.2 
2711.4 
(kg/ha) 
Straw 
2537 
2623 
3485 
3719 
% Increase of grain yield 
Over control Per cm of 
treatment water 
applied 
— — 
158 13.4 
226 17.9 
414 21.4 
Wi th o n e irr igat ion a t seedsetting s tage, i t w a s possible to increase .yields by 
226%. These results indicate t h a t the a m o u n t as well as timing, are impor t an t 
considerat ions in the applicat ion of supplementa l i rr igat ion. 
Ve rma (197S) repor ted t h a t t h e qual i ty o f runoff water was m u c h be t t e r t h a n 
tha t of well water in the Bellary a rea a n d was comparab le to t h e excellent qual i ty 
of the T u n g a b h a d r a river waters . Yield increases were also recorded with co t ton 
by appl icat ion of runoff water . A single runoff applicat ion of 10 cm of water 
increased the yields by u p t o 76% in 1972-73 and up to 47%, in 1973-74. T w o 
appl icat ions raised the yields u p t o 115% in 1972-73 and u p t o 66% in 1973-74 (a 
better rainfall year) . Exper iments conduc ted at the agricul tural college fa rm in 
I n d o r e showed t h a t up to 60% of the mon th ly rainfal l could be collected as runoff 
in July while 5 5 % was possible in A u g u s t and 72% in September (Srivastava &. 
V a r m a 1975). 
Chowdhury : .(1979) summar i zed t h e y ie ld increases accruing f rom one 
appl ica t ion of w a t e r a t var ious locat ions a n d for several crops in Ind i a . T h e d a t a 
for three Vertisol s tat ions where rabi s o r g h u m is grown is given in table 3. 
I t can be no ted t h a t t h e benefits f rom runoff collection a n d reuse a r e qu i t e 
subs tant ia l for rabi crops even in med ium to low rainfall areas such as Bijapur a n d 
Bellary. An even greater advan tage migh t be realized in h igh rainfall regions 
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Table 3 Effects of "life-saving" irrigation on sorghum yield at 3 Vertisol 
locations (Chowdhury 1979) 
Location 
Bijapur 
Sho lapur 
Bellary 
Seasons-
Averaged. 
5 
5 
4 
Yield g|ha 
Without 
irrigation 
16.5 
9.8 
4.3 
With one 
irrigation* 
23.6 
13.8 
13.7 
% increase in 
yield with one 
irrigation 
43.0 
91.8 
218.6 
* I r r igat ion a m o u n t s no t same across locat ions 
Experience at ICRISAT 
Several small watersheds on Vertisols and Alfisols a t I C R I S A T have been develop-
ed with systems of g raded beds and furrows and grassed waterways to convey t h e 
excess rainfall safely. S m a l l runoff collection a n d s torage facilities ( tanks) f rom 0 .2 
to 0.5 ha . m capacity have been const ructed to serve some of the Vertisol 
watersheds . A 6.5 h a . watershed alongwith the ma i r waterway, a n d the t a n k 
is shown in figure 2. 
T h r e e tanks were const ructed in 1973 using mechanica l equipment ; f ive o ther 
t anks were cons t ruc ted later using manua l l abour and an imal power. T h e cost o f 
construct ion per ha. cm of s torage has ranged between Rs . 200 a n d 500, depending 
u p o n the cons t ruct ion technique a n d the excavat ion to s to rage ra t io a t any 
par t icu lar locat ion. T h e seepage has been very minimal (0 .5-2 .0 m m / d a y ) i n those 
t anks where t h e sub-soil consists of m u r r a i n haying high clay con ten t . In o ther 
si tuations where sandy subsoils have been encountered, seepage rates of up to 5 
cm/day have been measured ; efforts a t minimizing these p rob lems a re underway . 
I t has been observed t h a t on tanks located on med ium deep Vertisols a t 
I C R I S A T , approximate ly 65 to 8 0 % of t h e collected water could be applied back 
on the land. Depend ing on the actual a m o u n t of runoff occurr ing this water in an 
average year would b e equivalent t o abou t 4 0 - 5 0 . m m o n t h e ent i re d o n o r 
watershed. T h e appl ica t ion of water has been primari ly t h r o u g h pumping and 
leading the water on the ridge from where furrow irr igat ion has been practiced. 
Alumin ium pipeline m a y be t o o expensive for supplementa l i rr igat ion in dryland 
agriculture and therefore the feasibility of using o ther mater ials has been explored. 
H i g h density polyethylene p ipe of 10 cm d iamete r has been successfully used a t 
I C R I S A T . In addi t ion to being f lexible and l ight weight , i t offered less f low 
res is tance t h a n in convent ional m e t h o d s a n d costs only a t h i r d as m u c h . 
D u r i n g the pas t seven years , there has been amp le e v i d e n c e a t I C R I S A T to 
w a r r a n t further research on r u n o f f collection a n d reuse. T h e collection of runof f 
dur ing the m o n s o o m season and its appl icat ion to pos t m o n s o o n crops has been 
qui te c o m m o n on the Vertisols. On Alfisols however, t he re have been several 
occasions when mois ture stress occurred even dur ing the rainy season a n d collected 
wa te r h a d to be appl ied fairly early in the seaspn. I t is now clear tha t even wi th a 
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Figure 2 An ICRISAT watershed showing the grassed waterway and tank for runoff collection 
single 5 cm irr igat ion, substantial benefit can be realized i f the wa te r is app l ied at 
t he . "c r i t i ca l " t ime . In 1975, on a black soil watershed at I C R I S A T , the pos t 
m o n s o o n sorghum yield was 2570 kg/ha , w i thou t supplementa l i rr igat ion whi le a 
s ingle 5 cm irr igat ion from collected runoff on a pa r t of the watershed boos t ed the 
yields to 3570 kg /ha . T h e kharif crop of maize on the watershed yielded 4770 kg /ha 
a n d with a 3570 kg /ha yield of post m o n s o o n sorghum the gross r e tu rn at the t hen 
preva i l ing prices w a s R s . 6493/ha. Th i s resul ted in a rainfall p roduc t iv i ty of 
R s . 62/cm of water /ha . In ano the r year when an 8 cm irrigation was appl ied a t 
p lan t ing t ime to chickpea in the pos t -monsoon season, the yields increased f rom 
780 kg /ha . to 1310 kg/ha . In t e r m s of rainfall productivi ty, the maize-chickpea 
sequence resulted in Rs . 63/cm of wa te r /ha . Th i s f igure is several-fold t h a t at tained. 
by the t radi t ional pract ice of rabi so rghum on Vertisols where a rainfall p roduc t i -
v i ty of only a b o u t Rs. 10/cm of wa te r /ha w a s realized. 
Conclusions 
Systems of runoff collection a n d reuse a p p e a r to have substant ial po ten t i a l in semi -
ar id t ropical rainfed agr icul ture . T h e benefits will be greatest on soils of low 
water -hold ing capacity b u t i t has been amply demonst ra ted t h a t even on deep 
Ver t i so l s , there can be substant ial increase in the yield of pos t -monsoon crops by 
app l ica t ion of limited amoun t s of supplementary irrigation. T h e rainfall pro-
ductivity obta ined from the combina t ion of a monsoon c r o p and a supplementar i ly 
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irr igated pos t -monsoon c rop under improved management can be f ive t imes higher 
t han that unde r t radi t ional farming practices. 
References 
Chowdhury S L 1979 Bet te r d ry l and crop wi th s ame ra inwater ; Indian Fntg., 29 3-8 
Govinda Rajan S V a n d D a t t a Biswas N R 1968 Classification of Indian Soils and their Mapping 
( In ternat ional Geogr . Congress , India) 
H u d s o n NW 1971 Soil Conservation ( L o n d o n : Batsford) 
I C R I S A T Annua l R e p o r t 1975-76 H y d e r a b a d : ( Internat ional Crops Research Inst i tute for the 
Semi-Arid Tropics) 
Kr i shna J H a r i 1979 Runoff Predict ion and Rainfall Uti l izat ion in the Semi-Arid Tropics ; 
Doc to ra l Disser ta t ion , U t a h Sta te Universi ty, U t a h 
S ingh J 1974 An Agricultural Atlas of India A, Geographical Analysis Vishal Pub l . Kurukshe t r a , 
H a r y a n a 
Srivastava N C and Verma G P 1975 Wate r Harvest ing for Supplemental I r r iga t ion under Rainfed 
Cond i t i ons of Malwa Region J. Agric. Eng. 12 24-27 
Verma B 1978 Runoff water for b lack soils of K a r n a t a k a ; Indian Fmg., 28 36-37 . 
; Chi t t a ran jan S R a m n a t h B a n d H a n u m a n t h a p p a 1972 Feeler T r i a l on Effect of Supple-
men ta l I r r iga t ion with Harves t ed Runoff on Sorghum in Black Clay Soils 
